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Introduction
Nitriles show a large variety of applications in synthesis of plastics, cosmetics, pharmaceuticals and of other organic chemicals. They are also important as hydrogen bond acceptors. [1] [2] [3] Interestingly, aqueous solutions of acetonitrile are used for the separation of protein and peptides mixtures. 4 1-Alkanol + nitrile mixtures have been studied in terms of different theories. Systems with methanol, ethanol, 1-propanol or 1-butanol and acetonitrile have been investigated by means of an association model which assumes the existence of linear and cyclic species for alcohols and acetonitrile, and only open chains for alcohol-nitrile heterocomplexes. [5] [6] [7] In this theory, the physical contribution to the molar excess enthalpy, E m H . is derived from the NRTL equation. [5] [6] [7] The model yields an accurate representation for E m H of the mentioned binary systems and, neglecting ternary interactions, for related ternary solutions including benzene as third component. [5] [6] [7] The UNIQUAC association solution model has been also used for the study of the same binary solutions cited above. [8] [9] [10] In this case, the physical contribution to E m H is obtained from the UNIQUAC equation, [8] [9] [10] and only linear polymers for self-association of 1-alcohols and for alcohol-nitrile solvation are taken into account. [8] [9] [10] The well-known ERAS model 11 On the other hand, it is interesting to link thermodynamic properties of liquid mixtures with local deviations from the bulk composition. The investigation of fluctuations in a binary system 28-30 can be conducted in terms of so-called Kirkwood-Buff integrals formalism 31, 32 where fluctuations in the number of molecules of each component and the cross fluctuations are taken into account. A different alternative, due to Bhatia and Thorton, 33 is concerned with the study of fluctuations in the number of molecules regardless of the components, the fluctuations in the mole fraction and the cross fluctuations. This approach has been used in the investigation of liquid binary alloys. 34 , 35 We have applied it to mixtures involving pyridines 36 or to 1-alkanol + cyclic ether, 37 + aromatic hydrocarbon 38 or + alkanone 21 systems and here is extended to 1-alkanol + nitrile solutions.
Theories
Flory model
The main hypotheses of the theory 18,39-42 have been summarized elsewhere 21,23 and will not be repeated here. We merely remark that random mixing is a basic assumption of the model. respectively. Equation (1) is valid for pure liquids and liquid mixtures. For pure liquids, the reduction parameters, 
Estimation of the Flory interaction parameter
For the application of this expression, we note that VT is a function of E m H : * * * * E * * * * 1 1 1  2 2 2  m  1 1 1 1  2 2 2 2  1  2 1 ( ) H data at 1 x = 0.5 are collected in Table 2 .
The concentration-concentration structure factor
Mixture structure can be studied using the CC (0) S function 21,29,30,45
In equations (6) there is inmiscibility). If compound formation between components appears, CC (0) S must be very low (0, in the limit). Therefore, S CC (0) > x 1 x 2 (D < 1) implies that the dominant trend in the system is the homocoordination (separation of the components), and the mixture is less stable than the ideal. If 0 < S CC (0) < x 1 x 2 = S CC (0) id , (D > 1), the fluctuations in the system have been removed, and the dominant trend in the solution is heterocoordination (compound formation). In such case, the system is more stable than ideal. In summary, S CC (0) is an useful magnitude to evaluate the non-randomness in the mixture.
30,45
where N (=19) is the number of data points, and X , according to equation (4) is shown in Figure 3 for some selected systems. Table 3 
Discussion
Along this section, we are referring to the excess functions at equimolar composition and 298.15 K. On the other hand, OH n stands for the number of C atoms of the 1-alkanol, and CN n represents the number of C atoms of the alkyl chain attached to the CN group.
Enthalpies of the hydroxyl-nitrile interactions
If structural effects are neglected, (methanol + benzenitrile); − 6.69 (1-butanol + benzenenitrile).
Excess molar enthalpies and excess molar entropies.
E m H values of 1-alkanol + nitrile mixtures are large and positive (Table 2) . Therefore, . 68 This clearly reveals that nitriles are good breakers of the alcohol self-association. The fact that the Kirkwood correlation factor of methanol + alkanenitrile mixtures does not show a minimum at low alcohol concentrations 69 supports our conclusion. The existence of such minimum is characteristic of 1-alkanol + alkane mixtures and is ascribed to the existence of cyclic species, mainly tetramers, at the mentioned low concentrations of alcohol. 70, 71 The replacement of alkane by a nitrile leads to the breaking of the cyclic species and, consequently, the minimum vanishes. Many solutions behave similarly.
70,72
On the other hand, in mixtures involving a given nitrile, 
. 75 This leads to a lower (Table 4) 
The effect of increasing OH n in systems with a given nitrile
Now, E m H increases (Table 2 ). This may be due to: (i) the weakening of the alcoholnitrile interactions (larger TS with the alcohol size (Table 3) is consistent with this picture. Therefore, association/solvation effects become weaker with the increasing of the alcohol size, and physical interactions are predominant in systems with long chain 1-alkanols.
Excess molar volumes
There is a rather wide database on 
, while an inversion in this variation is produced from OH n ≥ 4 ( Figure 6 ). This suggests that the contributions to 
Results from the Flory model
We define the mean standard relative deviation of Table 2) as orientational effects are stronger in these ethenenitrile mixtures due to the system temperature is close to the UCST. On the other hand, the rather large 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 hypothesis is attained in rather large extent (see results, e.g, for ethanol or 1-propanol or 1-butanol + ethanenitrile, or + butanenitrile, Table 2 ). Table 3 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 unlike molecules (i.e., heterocoordination) are more important in the ethanenitrile mixture.
4.5
CC (0) S results
Inspection of
Note that, as usually, the increasing of temperature weakens homocoordination.
Comparison of 1-alkanol + butanenitrile, or + 2-butanone systems
Butanenitrile Table 4 for comparison). (Table 3 ). This could be also related to the existence of more interactions between unlike molecules in the alkanone solution. However, an opposite behaviour is observed for mixtures including longer 1-alkanols, e.g,
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